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important facta, name c, place», datct, etc          .  .—r^^. 

31 JCinu SUnyOff*   "The Gernuin propollwita conaiiered were from the. 
Si cm.-   .liri^ranatu 3pr.t tho 23 c»a. .jurfftorper und the iÜUÖ Kg* 
rocliat < isolated uoiab.    In tha fir et tiltieo-^W rafeg a£^bta!oteE;r^ 
•iora obtained at» cuuauriitive vuluoir uwiot, u «iwpia of firitish Ü.Ü> = 

curdltu (Ijwtch K.M. 1^37.3.) as a standard.    Later tha libooiuta 
rtiL« of burning of tho etanuurd :tua noauurj:! iaU touo tha absolute 
rntatj of burning of thü &,r.,&niH-opall;mta wars calculated.    The 
rune« *>£ fit'üsau'iM  ßonisi-itirtU .*ißß JEJww JjjO to 2,000 lb./&q.iiu    A 
feu results have luon obtulnad In the region of 3,000 lo./aq.in. 
mid tiiese tire included In thj ra-iort.    The-fitatnod used in the oxpav 
.junta fruu 14.00 to 2,000 ib./s.';.in« line baood on th« interrupted 
burning-technique .'.ascribed in ?.»i,,i«   re.iort lioo i.%2/W..    Standard 
3 ina rocket tuber) cut to various j.*mgtho und in sooa eaaes fitted 
with apeci.0. ctioKea inateul of vant-ui-ia Here uaad unJ by varying 
thnr; r -yidJ^pJMJHdJs

,.MSL riäS-^Agiü-!.tu outuin cube'tuutitilly rectangular 
ririioouro'curvoTi over £he ra(...uirädr preoaure run&e. ' Tlw German 
prop« Hants gave comparative rate» of burning run^in^ Öetwoen the ' 
two extremes of 0.47 and J«S5 with respect to :».U. CbrdX£e«A 

This  .all bu of interest to tno- rtutiuuition ueve3.op..'.unt üiviöioi 

7ochn^opi|;-.ürvice of .'icatinny „rsenaj. alU ÜldV Clf.      «MiSK.....^, 

|ac  (ibovo, 062V    Bbdl£K. QÜL   •" 
Col-, Ord. uept, 

!%r the »alitary „t'tachut 
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the ifaaureuymt of thg mtqa of 
of some jgjgjgjjjfi   -,..      _^ 

~" propellent 

t J.D. Rufflngton   «ad   J. IbsU* 

Jtoroh, 194$.                                                                   «MJB. ibmrporth 

Oontenta 

1.    auramry.                                                                                 1      i 45 
2,     Introduction. 

3,    Qonparatlvc rate« of turning of Qenaatt propollanta. 

3*1*    Typo (&) arperlmantal arrangement 
3.2. Type M 
3.3. Typo (o) • 
3.1t-.    Detail« of calculation, for sooumts aaap«mtlvo 

rntaa  of burning. 

V.    Absoluts rot« of burning of B.S.  1937.3. 

4,1.    Beperiwsrtal details 
U.2.    Details of calculation fop securate absolute 

rat« of burning. 

b>    Beaults and disausaion,. 

The Wratn propellsnta considered wer« from the 21 ost. 
furfgronftt« Spr., the 28 an, wuxfkerper end the 1800 leg, 
roakot osaiotoa bonto.    In the first plans the rstsa of burning 
were obtained as comparative volues using a anraplo of British 
3.0.   aordlto (Batch R.H.1937.3.) as a standard,    Later the 
absolute rate of burning of the standard was measured aod 
thus the absolute rates of burning of the German propellents 
were calculated.   The range of pressure considered m from 
ii00 to 2,000 lo.Aq.lu.    A few results have been obtained 
In the region of 3,000 lb./oq.in. snd these are Included In 
the report.    The method used in the experiment» fron 400 to 
2,000 lb«/sq»ln« was based on the Interrupted burning 
teohnlqu« described In P.D.B.  report Ho. 19I»2Al«..   Stsndsrd 
3 In. rofikot tubss out to various lengths and In some oases 
fitted «1th special chokoe Instead of Venturis were used and 
by varying the conditions it was possible to obtain 
substentinlly rectangular pressure eurvoi; over the required 
pressure mngfl.   The Geraan propollanta gave ooraperstivo ratee 
of burning ranging between the two extreme of 0.fc7 and 0.85 
with respect to S.U. Cordlto, 

*f*T?Aw~ U 

I 
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2.   Introduction 

To* «at« of burning of a propollanfe and th» yaristioa with 
pressure, teraperoturo and with the -velocity of gaa ever the 
aurfaa« la of obvious inportöno« in the assign of ro'Jkotn.    SSv* 

t appear to have taken considerable treublo ever the o^igä 
of their reokats and it ia of interest to «easiuo the pn-^poiajittf« 
which thoy have uacd end «dpt-oinlly to aotcrmino th'lr ewsee of 

Many methods of measuring rates ef burning li«»o boc« na«d 
by different investigators.    It ta dsairablo to hum tho »*($£*» 
under conditions which give a »toady prescuro during thu burning 
bait this ia not easy to achieve ID practice.    S.1?. BoveO) Has 
used ft technique whioh lnvolvos the burning of samples In a 
vented vessel and tan interruption of the burning so that tho 
partly turned aaraploa aro recovered and taaaaured,    A mal» on»i'i|0 
1« placed in the vented vessel to give tho desired pressure end 
tbtf and of tho vessel la opened before tha »maples aro ooiaplutely 
burned through,    Tho intarruption of burning ia achieved by 
supporting too vouturi on a oolluOoid disc whioh is drilled with 
hole* to a apeotfied depth.   Tho sis« and depth of too hole» . 
define tho tin* at whioh tho diao ruptures,    «ban this happens 
the contents of tho vessel are ejected and the aatspl^a recovered. 
ahaokloton (aoo ref.  2.) used a nothod la whioh too propollant 
coder investigation won allowed to bora oospletely in K vented 
UmiUS. and the vat« of burning -ma obtained by dividing tho 
original thiokneaa of too psepeUnni by the tisw of burning* 
corrections being applied for tbo portiou of tho tii&o flurinc 
Whioh the pressure w«n not constant* 

another method 1* that of PIS» and Green^) ^w waa a 

closed veoool itt which the pressure Is raised rapidly to tits' 
doaired va3.ua by «wans of a •booster" charge of thin cordite, 
The burning surfsee of th« speaiaem ia adjusted to oompensato 
for tho pressure fall dua to oooling thus obtaining a fiat- 
topped Wesen» curve,   Tho ooajpletton of burning ia indioatod 

•fey * «utden change in th« «lap« of Ota pressure curve« 

Tho dlroot measurement of ratos of burning by en »l.f'-.l.-   #,it 
tiaing nothod baa baas desotfked by S. Daniela and oölUboraWftj1*' 
(University of «laoonatn).    I», those «Kpwi»ntM and ia then»« of 
Qrswferd, huggett and Ho Br*dyOJ the time neoessezy to bum a 
long strand of tho propollant waa observed.    The three lsat 
oentioned workers used a pfaotogrnphin nvathod lorn convonient 
«ban tho olootrio method but allowing an «xaadnatioa of th« 
flana and providing a dijroat ohaok on tna rogulartty of burning. 
Henri Hureou** »i daacriba» a aoaowhat Similar natfaod in ahWb 
tho timing ia done by «tattal obaorvntion through thick glfttti, 
nalng a atop-wmtoh. - 

Tho mothod used in the praaant invostlgatioa roaoua^ 
that of Beya but «ana a diffcavaxt awtfaod of itttaxvus>tiag tho 

otntniag anB inatead of a largo« heavy vwtad voanal atandud 
rockst «ob«« auitably out to laogth oto. aw« annaleywa. 
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lUa la f« la» |i«an «f »»out «00 lb. 
a (1) abaaa II» «irrmiit alak tka ••»«••I 

latamvUaj buntfiw.  J» M«M }• tut* »ja laaj aMk . 
ataalara 1.«'* dianatar raaturi aaa ana.   a» Hnm M !«• ar 
a.Ub J" laaail akaraa,   Iba .aapla. aara aaaaatad ta a daaar 
aaralta araaUarai rlatfara InM at tka akall ria» aai ar aba 
tad» tat aat attaaaa) ta Ma aal» »karaa.   "i—'!]• faar • 
aw« wad la aaak round, »hair waaataaaa kaiaa- appraxf 
p a im a S*.   Oka faaa (j* I i") aaa attaatod ta tka 

vaaaaMw»»1>Waaaiattt^aa, _ aaaaat aaaallr uaad ft 
afauaaa la taakata and tka rtfcar oaf cf tka aaapia •  
kp lüintla« ta It a aaaU aaaa/ aaKUta aai-rlaaa U' » *"). 
fa» aaa aataaUx j*rpaaaiaal.r atatalara. bataaaa tUa alddlaa ar 
«Va four aapmat faaaa aara aaiauiaa by aaaaa of a aaraa 
»laraailar.   rraa taaaa talaaa barara aad altar bualar tka 
rata af bnnlaa. la taakaa par aaaakd oaald ba aaleajatad far 
aaa» af tka ta» alraatlaa» at ri*M aaalaa,   Jba.Hr tka rata 
af hanJaf. aaa tka aaaa tar taaaa taa jlnatlnu, altkla tka 
liaata af »aparlaantal arrar.   fa» raaaa» far vsl** an a,V»K, 
aaajad akaraa la tfcat tka lnat ntlal praaauraa «ailar J" 
raakat acaflitlaa» appaar ta ba cbtaiaafl with thla akaraa«   A 
ataadard 2* raakat iaaltar atraipad laalM a earfkaata aallar 
aaa uaal and a»/ I'aailiilHf froa apaaa aaa occanlal by aarabaavd 
aallara ta prarant taa aaarga atul aaaalaa aevla» akaat i» tka 
tafca darin» tranapart,   A aaaVar or rauada Ilka tkla oauld ba 
praparad and fi?»l fil*lns rapid Intaaatlan ace« tka taakaiajta 
«aa aatakUakad fraa pral'.'-.iAarr firlaaa. 

tka tlaa bafora intamajitiaa af »untlaa, aaa aaaallj 
akaut 0W5 aaa., tka tlaa ot banuo* kafara tka piaoaura 
atartad ta fall balna; abnit 0.V aaa*   I» 0»f. »a*, tka iklatnaaa 
af tka ararla la rafoaed by a U'lla aara tka» X par aaa*.   / 
rraatar raOaotle.- In tfcicknaia mold ba dealaall*, but la 
laptaalfcU daa ta tka 1'mOa«, faotar of tb» trtataaa» af tka 

aaütÖ 
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Cfltf <*l£l 

«^ prseaar*» fro« afeewt* 70S 3>./&T>1#- to Ä*'*w JW".q*ii». 
3" unooated tubes out to waa&oaw ist; jy» ajiä with ö,ß* diameter 
ofeokea war*, ««ad.     It» <jb«rgttä  used in tlüu oono ••ere of tuMil »r 
«*& «or*$fe* 2wTt « 0,?£* wrying is l«yrt& fro» <«.* *s 20.5*. 
tbs sannjles wars usually five la nnaber (diaoaaiena £* * vc" * 3*) 
aemSnted to tb* shall Hne •*** »*" to* charge* K» «r(wftfe.«aup« 3» 
sblOim i» diajpHBn (2),    Xb* tiiae before &et«r%u3J*i«s of burning 
varied froa 0.6 MO. to 0»y§ «ao, &# la)« prea&ure VÄTi-sd f J-MI 
900 to 2000 lb, par so> A».    In t&l* ««so tbs aawplee t«M to Uim 
Sway before the charge, so mit the roduotiaft la tMafcnos* of th* 
*aB^«j. oouia 6« &f$raa*4d V» »beat 7<> par ««it. b#fw*o interrupting 
the burning.   This improve» the pereeutaga AMmracy In awÄoai^ttg •• 
the amoturt burnt away» 

In early rounds the Biutlplea *MBM attnnhed to *- so] a rote 
eruolform platform a» is tfee typ» (a) a*r»ag*ae*V   It «u fauna 
however»  that   thoy wore frequently broken by thia method, 
especially at tho higher working praaeurea.    It wo» thought that 
this we» AM to blast a* the tuba was partaiS fro»   th« »ball ring 
«bad interruption took pi«)«*    Boo samples »ara often found iß »• 
daMaged condition on. to« floor of $ha firing Qhja&er*   IÄ t&e 
Dew oyatora the euaplea «era oaaented to tba dial! ring end of the 
ehargo.    tfoawnUy tba igniter would be placed in eaatallstiona at 
the eholl-ring end »jf tb« charge, but tin above arrangenent Bakes 
Ignition froja th» shell ring e») «MJTimilt, asä1 possibly damage* 
the sanplee.    HozrJn ignition was therefor« ;s»$logred »ft »b»*» ifi; 
Diagram (2).    Qccaaionally ignition delayn were »noeunterod with 
nessle igniters (oonaiatto« of a.R,371.G. 9 pa* loo»« &s& ? (^«. 
of pallets).   This ftfcpfieuil^r appeojrod te b* owvraena %r «sing 
a 2* igniter inaida tho inber oondnit >iat in front of the Bbaal« 

AttflB^ta.ware. ««de ttt tntarrupt tba burning at pressure» 
above 2000 lb* per *?•£&• lxit tlwao wa» got vary eiawasaful. it 
wan found tiist ttta. four aboil ring studs, twad ID ths ltota*rupt«a 
burniM head, taudad te tear throu^ tb« steal tuba at pressure» 
slighW abwe 2^00 lb. per oq.ii>, a aolution of this rfifflmiHy 
would be to use thicker tubas« 

1 satisf natory footar« of t*BB arrar^easuta of Typ« •(.*') 
SBd Type (b) is that wie preseui-e-tiiae recordu nr»  reauonably 
«wtnrigular in ahapas    A typtet*! pVesaüfO rooord obtaiflSd VitH 
arrnngatoAntB of Z^pe (a) is sbctm in Qmfih 1 and of type (b) 
in ttrapb; 8... 

^£j3a^fea •sgy«a«swsfc 

Swe rojyultij in tbo nelson of yOQO lb. pa* aq.  in, 
war« obtained by the oelluloifl dia« 0l0a«el voasei t^titwii'iJO 
of Boya {Aneaiwjiitu tonearoti I)Bpart»wnt}f  7b« uathaS Of-     . , 

$&faRXtotfAäaKt is afeHilar to ttot ß»r va«ted 7«ss«la laontlonod 
in the introduGtian»   53w btsivlal aaaa ia praaaura v«s proaöo«;3 
by ifBating a <&WAtity of öoö:,6" difiowtwr a.C. oard.    Sine» the 
Vttaaal w*s öoffipl«ii^3y «loa&ä a flat faJi*ped prsswui» racörd 
could only be obtained »a a result o" ft fnlliflg prouattra dwS to 
bast loaaoa *tm lane ins * räaing i-rwaiifl due to burning of tfeo 
aanploa,     In our axp«?i!M&ta with » i.iiniWLc; or ts-o aajt<-..3-<3 th*s     * 
jKpaaatar« WSR ataßl&iü? bllt ala^Ey rluing fteriiuj Wr^isg4 

*^aip(s of Shi« äsüöai'd fesvfc ftot y*i Vo*.     "^CMML 
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>£CBET 

I 1« U Mtta ta iHUl • CM tap to tha 
» fMri M tn» «xtra piami du» to tb* «uralae. «f 
O« 1— raUtlva)» .«M laprntat. A« lal'ial 

•WM Ha« aaa to» »la» «• dl» -a to IfM ta» »oral 
tobte« l*l*M «t 1*" yrtaamai, «rp^eUUgr «• tha «wimll 
tla» of banian »aa «At« aaall. Kita rxkaa a apastal 
aaalnla aaaauar/ aat tbla la Haaarthal im taa »act i»*lau. 

M.   yWto.g f W»t"» «W ,*—"«' «aararrtlto 1» «a 

in apnpaxaatta valaa for to* aaaauaklva iwaa of 
«•ml-«- «ir. Vi rt-tAlnd by iHaajm lug ftLraotlj tha AlaUouO 
«vjaat «ff taa «paalaan la aalt t«B» «Mb. taa* banal «ff 
tha » aaall of S.U. «oidlto aaad aa a «Uaoara.   If taa 
praaaura «ur*%la r«rt»»t»i1»i' la «baa» taaa «a* pr—i« at 
«• tkU rata of twraUl anplla» ta tkaa baa« iinialily. 
•aarrar ta araatla« tba praaaura aunaa ap» Bat «Kartlj 

e ant I 
ta oFdar ta apaalfy tba prviaura ami tb« oaiTaMat^llag 
•••jarattva rata of bmmlag.    ta car —|m laaaU taa 
praaaura raoarda «ar« «raj aaartr raataäaular aal la «ay 
aaaa «tar tba aalii nartloa of tha buraug tlaa tba «m aaa 
a atraldu llaa.   It ••» «anaM tbarafara that 1" 
•• •aalf-tant* vouM •!«• a aaNlatsatlr aaearal 
tba «rrartl«a praaaara »t «Mall tka uliaaiial rata of t 
•aa applxcahla.   Tha feUaalag «aaljala aaraa that la tba 
aaa« of raaalta obtain»* «ttb «mi »Mat» af «pa» (a) aal 
(») >ta tba ajmprlata oarraatliaa ar> oala&laMd «Mb far 
tba rata af bursta«. aat far tba praaaura tb» «armttl raralti 
ara aat «law flaaatljr alffaraat fraa tb* »ua«ii»at«l raaalta 
«htolaat atiaatljp aa abaaa.   Tba oamatlaa uralaat ta 
«•tU ao Unit tba aaararjaata aaavlratl«« rata» «f bi««i«g 
•ay ta uaafl la aaloulatlng tba oorraatla« altbiaa «Mb «rr«r» 
It U ala» aafa to a»«a» that 9baakl»toa>a(s' raaalta far 
tb« abaalnta rat» et baralax •* -•»•'• aaatlt* a*j ba «Md 1* 
abtalalal tka aarraotlaa. 

ta oaloBlata'taa aarraotuai «a aaa«» that «a baa« 
(a) tb* rata «r turauv of S.U. aa a faaatlaa (•(•)) «f 
praaaura» ant (b) taa oaaparatlTa rato of «uralag af «•> 

P»rtlaw5»r plapallaBt.   tat tba aufflxa»   o   a»l     f   rafar 
ta tha luglilirim af tba pnaaora «taa v*\ tha oat «f tha 
praaaara «arva at latai ilajttau,   Cnaa»« a palat • alvlavaa, 
tha praiaaaa aarra lato tba nalaj partlaa, far aalab tb» 

praaaura u •ppraxtaatalr aaartaa*.   la* «I     ba thi 
•f taa BSMarta burnt off tba aaapla», «baa «• ha«» 

•"Kl)-'     >l,^'.^•^     '    X     *&&»*'- 

(1) ftv* «»tiLeh thi« «r-Jr. • 3«r.-"**t1 
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m 
9     iafl *R   aro oaarly as»fau.t . • tho T-...& • to f, 

i dariaa a bann v*lua oJ* * by 

.T    Sy  AX- 

IS) 

1  ('*    Jf^ •)-? 
It «ill bo aotlocd Oat bath tho oarraotloB tan haw m 
laAqaaal olalhr HT y- aad fcanoa will ha wU «la« 
«ha paoaaora ria* la rapid.    In *rt.tUa an toporUat poiat 
U that tha oaii-aallaa 4oaa not aapaa* on «ha abaelate 
—ajiltoJa of tha fttnotl» atp) aewBtol far «ha «at« of banla« 
oT S.O. tart enijr on it» aaap* HiM| If tip) »«r» Mlt1»ltai 
by aar ooaotaat. MM avow oorraotlona would ha analtorat« 

I hj Bop* »ad rifcaa 

I for «ha roBfliaa «flml 
r jhaoUatoaJTO «niofc ban hi 

lha mlm of ^ ualog tfaa ah« i rolattoa waa oalMlatad 
i of tho o-a*» Meat likaljf to toad •orraatloa i 

•Ufa tfaa t/pa (•) and (b) aiian«a—iii.    X» thto partlavlav 
•aa« tha ratio of tho tla» tafcao to raaah tha »toady sMhaw« 
(o to *) «n tha total eunuag tu» <a to f) *u O.OaW   Tha 
total bonus ***• «•• 0.5» aw.   tha «ofMotas «alno far «to 
miiajiiotlTo rata of bumla« of tha 0»nam pmoUaat «aa 0.801. 
Tho appraxlaato -»la» obtain»* olvaotly fro» tha ratio of tho 
aaovat» burnad nff 'tha too aaaplaa was 0.799« ••»••• Ml lili a 
•*|lif>*la dirraNBjoo. 

Tho valw* of "K   oalaalatod abova «aa tho • 
rota of tun_\ag la. tha raaja 0 to f.   It rai 
tha am praoaura to tha nuu» 0 to f oarffoapi __ 
aaaa ratio la thla IHM,   than an nrlaHa warn of toloaOatua 
 —1 rf iM-h wmai w »ü«», ii|y>ot«at» ha* til 

rL ,ja*« aoauntalj te  W    Ml 
Ml«.   Ika »i»tli tttuimt X   ad    T 

K   - 
S^ldr 
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«a aeuvm that «lit pio—ure ooraoaponflinr. to   S    «>\iiif»^ 
fage «ha aBrwja eajuatlen la elao the ivusw oorreapondlnj to 

n       *   Ma «111 obviaudly be correct alnoe UM preaaur* la 
nearly eautaKt fro» o to f and the ratal of burning of 9.U» 

HidenMLar* elnilar funotione of 
ibtain   b    t we obtain.   V      fron UM 
•I road the value of f    oorrea^otvUrig 

to thla fron the Rivrn a - P ourvo.    In tl« eua or the 
•tola quoted above the value of ¥    au Ipfin lb, par a^ln* 
 1 «1th a nreeoure at )«Of burnt of 1945 lb. par at.1». 

**     *boaltfto rate gf burnt»; of, iC^I^^, 

To oontert the eoapnratlve ratou of burnlfY* of the 
Qamui propellwite to ebaolttte ratoa It fraa itooeaaaiy to 
detonaine the absolut« rate of bumlnc of UM atandard at 
varloue presaurea.   A separate aarlea of aaperliemto «wa 
carried out for thla purpose. 

4,1    ptpflrlaaptaJ dfrtallo 

Inatead or tha usual oaumle (& x / K !") i alngla 
tubuUr sample of WU9J7.S. (2.71* - 0.75") «a ueed. 
JM» vae rcada 3" 1«V» and coacfttod to tha top of tha Bnln 
oners».   Tha tit« before intarru jtliuj biirniiw «mild than to 
iaereaaed, aa tha lSnltln*. factor of eanple else no loncor 
applies.   Tiiwa of 1.2 BOO. at /00 lb. par afeln. to 
0.7 aac. at 2000 lb, par oq.in, were uaad in thla «ay. 
Tha arraneaaant le ahown In DLagraei J,   Baforo tha saapla 
ems attanliad to the vain citarga ita thiatavtan «aa neaaured 
by swane of a wtereawter with ana b«U faoe, suitable for 
MMauranonta on curved aurTaoaa.   A llrfit and uolf on 
proaauro was obtained In all eneee by tlghtatdq: tha 
sAoroneter to tha extant of two die.** of thu ratchet.   Thn 
position« of rwaauraawnt mn at four jtoljrts ornildlstwit 
fron aeon other round a olreuuference of tha CIIATE« 0.8* 
fraa the Joint «1th the aaln charge (i.e. 3.2* frou tlio 
atoll rini end of tha eenplo).   "Urn aat-qde «i rsnovsd 
free» tha baeklnp charge and Measured at thn sane poaitiona 
after burning»   uv laok of aynnetry in the rate of burning 
aould ba detected in thia aay( bat a variation round the 
oirounforance ana only found in one   aase.    In thla Inatanm 
It «re nutloed that the higher mte of burning (0.?14, In. 
per aoo,) ooourrad on tha am-« aide of tha utmrj^ aa a 
braakdowA of the eaaent joining tha aaojile to Urn «ata ohare*» 
Tha dlaturhonoB of tha flu flow oauaed by the hole ao 
produced would probably account for ü«J variation in the 
rate of burning.    Tha rate of burning on «to dtacntrloally 
opposite aide of tha ehar<p> «ma 0.3« in. par aoo. representing 
a naarhwMa variation round the olrcuaforeua of about 4- per oant* 

It eaa found to be lavoaslble to Uae tubular rlmrtp* of 
, at »ich bjlaw 400 lb. par aq.in. bwjuuae of unatabla 
dne,   Konever ooeejad obargaa of 3.IT.K. oould ba uaad 

aJthough the tla» of burning oould not ba inoreaaed beyond 
about 0»> aec. on aooount of the relativaly eMail thidomaa 
of oordite in tha dogead oharga. 

U.U. 
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^r 
.\s -.1th w«varntlTo rotaa ef burning eorrecUone «re r.«eca i.cry 
if the prauure ourv« departs friia u rectnn«;iL<r ahare.   Ireeaure 
rworJ« at 700|1JWJ and 2200 It, }<«r »<(• in. »r« aU*a in Cr^he 
3, 4 end I>,    It i« to t>a «xpcct^-il  if* t du« to the rel-itiwly lonj 
tliie« of burning In these rvccri!» the correct! n Hue to th« initial 
rltiflj* part t f th« ireeattro curve i121 lie snfell anourh to L* 
neglected.   Thi* ftact   .«a attnlliahnd Vy «"-na or tlw foli^lng 
enaljaia» 

4*2.    Det'.JL»  t-f nlnulnUpp, for  .-,r,iirntn ^tf.Mlut« r--tfcJ  nl* hunting 

L«t ua denote Ly 8   the rate r,f bunting *•» *'••• f*-'r *•*• 
actual*,/ Mswir-inc **• then* «JQiurli.4b.tef nhilo uaihg 5  «a «DO«« 
far th« fuaetion of   b   thought to to the \u»t r«te of taming 
ooniatvflt with prewua reaulta.    If £** represents th« MIWII» 
»mint turnt off the S.D. •«•pit we hare 

A* 8eUr C &AXr 

<r     AX 
^ Ä-U-. 

r A .Cfc. 

/•' a JU 

\ the etfell oomotion 

tern oaatrlUtad by tfea finite tls* taken for th« rlM of 
pMaswa, and la thi« tem w* e«n replace   £    »/    £      .   #• 
daflno th« awn *I.]IM of «V? «blah is a slowly varylAy, 
fuuotlon of   £    by 

i/'r^ .   /f *./'•*• 

the amm vnluo of   S    oonvqpoiidlAg to thU ««ah 
>«*• Paragraph whloh la 

s 

• See trfvrrwm (1). 

/'-> S* M 

f £   A. 
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tüftET 

tft     S     !• gl*«B tf 

AJL ÜL 0Lt 

tf'*) 
11     s! t«) 

It »111 t. notad that   «da la alaply 

I  -    A- 
-t^-*. T 

y 
7^-cT 

U tho afTootlv« tlm of bunln* fr*»    C     to  >        .   M 
luve obtalnoa too NUUM MMI    fi     «ad    £       ud h«M 
botm«.    B     aad       p     , aim« eh* r*latloMblp bat—*m 1 and 
p 1* knovn fro» ahaoklaton*« raaulta. 

SUBdiHitlDa of th« proaauro rooorda ajwa that oorractioe» 
ar« «Ukaly ts fco grortwt in th« MftloBQf 2000 lb. par ao^ im. 
•Ine* it ia he» thot tho Initial rlaa to a mailiai pfwaatm 
takoa th« graataat proportion if tha total »umlag tlM.   Iww 
«t tha low and of tha praasure raaf*,naar 700 lb. par »4« la." 
dltboufb tha bumlBc tlaa la lone tha jammr» tanda to drop 
toward« tba «ml of bundn*. du« probatly *• • rwouotiim ia th« 
total bumlsj anrfaea.   Slaoo th« tubblav ebargaa uoad «an 
ahortar at low praaaura« tha «ffaot of tha raouoiJ mat «nrfao« 
utwi a« burning proooada ia asn nntleaabl« «t low p/Miltrai 
than at higti pr«aau*a*   Oormta! vmluaa for th« rotas of bonlaf 
war« thnrafor« oaloulatad; according to tfaa abovo aquation, fot 
fisUw at 700 aod 2000 lb* par a«, in*., with tha follovlaf 
raaulta i- 

UMorrvetad Carraotod 

Praaauro 
lb, par sq.iD,   .• 

lato of burning 
la, /aoo.            i- 

«95,    «90 

0.301,   0.5W. 

660,   2210 

0.302, O.560 

th* uHftmoud *«lu«a in th* «bova Ml« «ara obtain«* dlraetXy by 
dividing tha «Hunt burnt ott th* cordlta by UM» tlna «f burning! 
th* paaaaur« balni; th* jmaaur« at half burnt.   Za araph a palala 
abtalaad in thia «ay ara aho*n «1th tha twa oorraatad valuaa at 
TOO and 2000 lb. par ao, la. abo«taii that tba aaraaatlM «an ba   »•% 
laparad.   Tba aoUd Uaa ropraaanta »ha raaulta «r Hka «ad ar«aa>" 
oarraatad fro» DO*«, ta SO»y,   Hka aad araaaU alaailaaata «an 
aairtad out «lth S.C. at 60°F. «hiraaa aw aaaflM ana at 
appraslaataly SCTF. «ban find.   I» aortaaUIMI Hka aad Siaaa'a 
«aluaa a flawra of 0.« pa» eaot. laaraaaa la tba rata of barnlng far 
1*0. aUt la taapaaatura «aa atad, 

„l»a«£» 
214(124 
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3*   Basalts and discussion 

The aooples of G«nun and Srltlnh jiroj elHavs »ere cut froc 
•tioki norasUy ueed in rookst.*.   drccyt in tha end« n' the tf-CO Kg. 
roofcet assisted fcouh no unit difference in tha »suits frun ^.fferant 
•ticks ««• tibaarv*]*   Only two stinks rf British R.;<.  1 -37..•. -mm 
aanaUered, two stiele* of Oema* "21 B", two sticks <f "21 C", CM 
•tick from tha 26 oai «urfkorper and t-.v stick» free U« id-'G Kg, %»*. 
The prontllant fron tha 21 as. rurfgranatc J»FT. was div dad into t«e 
typae, II B and 21C,    It was thought arl^inaUj that 21 £ tre.'wllsnt 
an* suitable for tea. erste oils«tic aoiiditions And 21 C for tropical 
eandltlon*.    However, obauloal analysis reveal* litt!« ^ifforenee in 
eeapoaltloo batmen 21 B and 21 C, although tha rates et burunf of 
n Bir« sllf+itlw great» (a par «sat *t 1200 lb. jer s«. in»*J than 
those of 21 C. aa shown in Urapbe C and 9. 

Unusual results *ara obtained with tha 1800 Kg.  toab ,.»'-..«llant. 
Swaples frou stick 1 started no difference between tha ruts.* cf turning 
4a t«o narpsndloular directions of th« as»« sanj.ls.    dos« ssu,los 
flnai stiok {k) hawOYor gnva rates of burning differing by as uirh 
a* 1$ par float, in tha two jarjandioiilar directions,    Hsfarriiia to 
Magre* {4/ royrwasntlng • erees-eectlon of a chore« anf. if a sca;laa 
tha higher nt* of burning it» along A B and the lower rate .along C Da 
Also tha final crose-eectionel ahspe of tha sample Is shown Ij tha 
dotted line.    It aeona that layers of cordite naaror to the surfeo» 
of the original chare« bum f<ist«r.    Jtowwvar.laconalstent results 
••ra obtained, »wan «1th sauries cut fron, tha ae**e stick nnd fired 
la tha saaa round under identical condition*.    Per instance four 
eanple* ef 1600 Kg. boat protellant (Stick 4) fired -r. tha aus 
roans' with a asusl» of R.Ä.1937.8. aa standard gave the following 
eaapsrstlva ratea of burning 1- 

Dlnctle. A B Direction C D 

M*>1> 1 0.70 
0.M 
0.70 

0.« 

0.60 
0.6c 
0.70 

0.64 

lau 
Ml» 

Th« j-eeulta far tha 1000 tß, bash (Stiok 4>) era shown in 
I 10 la whleh a distinction Is nede between the mtea of burning 
M diraatiaaa AlmtacB,   the arm throuafa these joint* asn 
ha sppsmjaat» on oaoount nf the irregularity of the results, 
raaalta far Stlok 1 ire also shown in graph 10.    The rasaon 

awfsa* layers of thla propsll>nt bahsYlag differently froa 
"~ lay**» ** wskaovn, but It would *rebetly be revealed by   /g> 

>1 aaalwala of tha dlfrareat lowers,   Crawford aed Hug att*  ' 
a dearoas* of tha warning ret« with Uereeead humditj for 

1~ aeae jn-melleafta, aa that absorption of aalBtura bj surfete 
of tha 1800 Kg- heah prapallaat aeaaa to ba as unlikely 

The raaulta far th* 28 ow, navfkätpar pras.elUat sr« shown in 
granh 7.   »• patat* aaam to ha quite aaaatBtant, end tha aurva 
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9rh*pelatü shown in_g«ajh 6 refer to the ran. _...   ..... 
öl' SH.i&37.fl« at 50°F»   llSe aoJia ounre represents pi*«'», 
raaulta for S.O» ohoaon for coa^arioou.    Thor© is litt la 
aiffweno« between the results of Shoofcletsn, Boya and Wku, 
the greatest divergence being between the results of Beys and 
ilk«.   Zn general Boys' results are «hont «. per oent,- greater 
than fifes'», the difference lietivoon our reaulta and those of 
Boy« «Jtoept at low prooßuros *hofa* for ina/tanee »t %00 lb« 
par eq.« in.   Soya* reaulta »70 & {kg? cent, less than ours. 
It ia to be noted that there are äiffereaBes of the order of 
5 pw OSoit. between diHWoßt manufactured lots of noMnally the 
sewo propellent. 

Some reaulta for ooMparatUr« rates of burning of Gorman 
propellanta in the region of JÖO0 lb. je* so, in» are givtm 
to Ha» following table«    Ihoao are only approximate aa no 
oornotiona hive bean fcpplied.   ArrenaBOWnts of type (c) «ere 
uaod to obtain thoae rsoulta, 

Tenporntura of- aaqolea «hon fired 60°P. afipvex* 

21 B >fin*fßranafcB 9pr, 

21 Q ifurfgrstwbi ,%r» 

3070 lbo/aq^in, 
3276      * 

—„—•.-»•*-—•.•-..-• .... • • ,,. 
Conyarotivo Rate 

of Burning 

.765 «4th rwpeot to fl.O« 

.76" * 
«9*        " a 
*?4 _. * . 

(I'J     tfhe ooffperative »si-;» of liurnlöß of five propellents at law 
prsSauroa aa fletonr.Ln.-ja W an interrupted burning toolminwi0 

S,& Boy»,   4,8.8, Bait* Ifeixwt 7V^. 

'|-Ä| »*st* *«** *«* aVf» *•& *h# JM>* itt 1038-f the result» «are 
Siseu»»o3 by 0.B» llart*«*., Vh-.wr>? of tin* internal beiliatios 
0« the tJ.r. 4.0,   1027/SS^, 

£>)      *n altornative cwthoc of naasuriiy; the -rates of burning of 
propellents »Jin* its ai/licpticn to 3.0B H.H. 11, Fifes *is£' 
H. #re&«.    A»%Jin Boll.. Rtiport IfyVv* 

£/*) Jhe noqhaniflE» of p <-itr burni«> P. Baniels or*ä eoileliOrntora, 
&\.&K*$# Bejjer* A - &> tO,3.R.E, ITo.  J206), .£*&. 1^4» 

{<5j Observations on t^.a burnitig. of double fcsaa j.*midar.a, Croüforäi 
Hitßps« und ms*a&? K.E.f.C. Hojort A - 353 {0.8,0,0. Ifo. J5M.;, 
April, 15&&,    Sac also  t- 

t&}     ÖtTriSt fasaaurairMot p(* burning ratta bj* an ©leetriö tiuin,i: 
iHSthod,    Qrawfarä and E!u,j',-ßtt il.D.R.ö,  Sofort A - 2&&   . 
{0,S.B»D. Jte, W09) Au;u»*» »W.. 

t?J     Hoto aur la «tteeae 4a ooisajuotlon fles panaree aollciMuißs OE 
fonotien a« la jT«»a,i«ß *rt öa la tfr^t^erotur« flos (~as enis. 
Hünri r.Mraniir. Bullotän da la Sociöto ohcnttiue fiö Keane.», Kar« - 
*wii, i»a. 

11. 
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